24 Due to the public health importance of flagellar genes for typing, it is important to 25 understand mechanisms that could alter their expression or presence. Phenotypic novelty 26 in flagellar genes arise predominately through accumulation of mutations but horizontal 27 transfer is known to occur. A linear plasmid termed pBSSB1 previously identified in 28 Salmonella Typhi, was found to encode a flagellar operon that can mediate phase 29 variation, which results in the rare z66 flagella phenotype. The identification and tracking 30 of homologs of pBSSB1 is limited because it falls outside the normal replicon typing 31 schemes for plasmids. Here we report the generation of nine new pBSSB1-family 32 sequences using Illumina and Nanopore sequence data. Homologs of pBSSB1 were 33 identified in 154 genomes representing 25 distinct serotypes from 67,758 Salmonella 34 public genomes. Pangenome analysis of pBSSB1-family contigs was performed using 35 Roary and we identified three core genes amenable to a minimal MLST scheme.
Introduction

43
Serotyping is the current standard for classification of Salmonella isolates 60 flagellar gene was localized to a linear plasmid termed pBSSB1, which was able to 61 mediate phase variation despite not being localized in the chromosome (15).
62
Whole genome sequencing (WGS) is revolutionizing the field of public health 63 and it is replacing traditional serological testing as the primary diagnostic test for 64 Salmonella and other pathogens (16). WGS provides an extraordinary level of 65 discrimination of isolates, allows multiple tests to be run on the same data and provides a 66 rich resource for the research community to answer novel questions which are not within 67 the scope of traditional surveillance (17-19). However, the existing surveillance systems 68 and historical data are dependent on serotype information and in order to maintain a 69 connection to this important data, multiple tools have been developed for the purposes of 70 predicting serotype based on sequence data (1, 20 127 and each of these assemblies was checked for the presence of plasmids homologous to 128 pBSSB1 (referred to hereafter as "pBSSB1-family plasmids") using MOB-recon (34) .
129
The Salmonella in silico typing resource SISTR (1) was used to predict the serotype of In order to facilitate tracking of different lineages of the pBSSB1-family plasmid 171 backbone, we developed a minimal MLST scheme based on its plasmid sequences. The 172 distinct number of alleles for each of the core genes was determined and is listed in Table   173 1. Nine of the genes had 8 alleles with the remaining genes having either 6 or 7 alleles. Fig. 3) .
The pBSSB1-family MLST Sequence Type 10 (ST 10) primarily consists of 198 serovar Kiambu isolates belonging to a single cluster (Fig 3) , which is indicative of 199 repeated sampling of closely related isolates. This pattern is consistent for the remaining 200 isolates of ST 10 within different serotypes Mbandaka and Senftenberg (Fig. 3) . A single 201 cluster of Typhi isolates account for the majority of ST 3 isolates with a small cluster of
202
Hvittingfoss accounting for the remaining three isolates (Fig. 3) . A separate cluster of
203
Typhi contains z66-positive ST 2, which indicates that not all pBSSB1 homologues in
204
Typhi carry the z66 flagella ( Fig. 3) . A cluster of Ouakam contains the majority of ST 5,
205
with isolates of Jodhpur and Senftenberg containing the others (Fig. 3) . Infantis, Reading
206
and Senftenberg are interesting cases because single clusters contain multiple pBSSB1-207 family sequence types (Fig. 3) .
209
Population structure of pBSSB1-family plasmids
210
A maximum likelihood tree based on the concatenated MLST gene sequences for 211 each of the pBSSB1-family sequence types identified three major clades (Fig. 4 ). Both 212 clades 1 and 2 contain significant sequence diversity, which is in contrast to clade 3 213 where the sequences form a tighter association. When the lineage information of 214 pBSSB1-family plasmids is overlaid on the Salmonella population structure, there is 215 evidence for both clonal expansion and horizontal transfer of lineages ( Fig. 5 ). Each of 216 the three different lineages are distributed across diverse serotypes (Fig. 5 ). The two 217 clusters of Typhi contain either lineage 1 or 2 exclusively (Fig. 5 ). This is in contrast to occurring (Fig. 5 ). These results are consistent with repeated introductions of divergent 220 plasmids into these serovars rather than spread and diversification of a single plasmid. Table 2 ). There are total of 13 distinct flagella alleles including 228 z66 from Typhi, which forms four clusters using cd-hit-est with a 0.9 threshold for 229 identity. Web-based Blastn searches were performed using each of the allele sequences 230 against the NCBI nucleotide database to identify possible sources of the flagellar genes 231 (Table 2) . Flagella cluster 1 and 2 both had their top hit as C. portucalensis (CP012554) 232 but cluster 1 had much higher identity with 99.37% compared to 78.76% for cluster 2 233 (Table 2) (Table 2 ). The fourth cluster matches with a 243 chromosomal C. freundii flagella but overall had only 61% coverage and 84% identity 244 (Table 2) . 256 previous study (33) shows that the plasmid is in fact globally distributed and present in a 257 variety of serotypes (Fig. 2) . The wide distribution of pBSSB1-family in a variety of 258 serotypes and species indicates that this plasmid backbone could contribute to the 259 generation of novel flagellar phenotypes through inter-species transfer. The transfer of 260 this plasmid is known to be dominantly expressed over the endogenous fliC, which can 261 result in incomplete typing of isolates by phenotypic methods (15). This is of concern to 262 public health since serotype information is a critical piece of outbreak detection and 263 response.
264
The circulating pBSSB1-family plasmids identified in this study represent diverse 265 lineages rather than clonal spread of a single plasmid backbone (Fig. 2) . The analysis 266 using GrapeTree based on the Enterobase (25) cgMLST scheme overlaid with pBSSB1-267 family ST information, highlights that there has been repeated sampling of closely related 268 isolates within serotypes (Fig. 3) . Senftenberg is notable since within cgMLST clusters 269 there exist multiple pBSSB1-family sequence types (Fig. 3) . These results support the 270 hypotheses that there were multiple independent acquisitions of the plasmid within this 
